This study evaluated the surface microhardness and fluoride release of 5 restorative materials -Ketac-Fil Plus, Vitremer, Fuji II LC, Freedom and Fluorofil -in two storage media: distilled/deionized water and a pH-cycling (pH 4.6). Twelve specimens of each material, were fabricated and the initial surface microhardness (ISM) was determined in a Shimadzu HMV-2000 microhardness tester (static load Knoop). The specimens were submitted to 6-or 18-h cycles in the tested media. The solutions were refreshed at the end of each cycle. All solutions were stored for further analysis. After 15-day storage, the final surface microhardness (FSM) and fluoride release were measured. Fluoride dose was measured with a fluoride-specific electrode (Orion 9609-BN) and digital ion analyzer (Orion 720 A). The variables ISM, FSM and fluoride release were analyzed statistically by analysis of variance and Tukey's test (p<0.05). There was significant difference in FSM between the storage media for Vitremer (pH 4.6 = 40.2 ± 1.5; water = 42.6 ± 1.4), Ketac-Fil Plus (pH 4.6 = 73.4 ± 2.7; water = 58.2 ± 1.3) and Fluorofil (pH 4.6 = 44.3 ± 1.8; water = 38.4 ± 1.0). Ketac-Fil Plus (9.9 ± 18.0) and Fluorofil (4.4 ± 1.3) presented higher fluoride release in water, whereas Vitremer (7.4 ± 7.1), Fuji II LC (5.7 ± 4.7) and Freedom (2.1 ± 1.7) had higher fluoride release at pH 4.6. Microhardness and fluoride release of the tested restorative materials varied according to the storage medium.
INTRODUCTION
Currently, investigations aim at developing materials whose characteristics may meet the expectations of both dentist and patient, such as mechanical strength, good marginal fit and esthetics, associated with ease of handling and accesible costs. The oral cavity is a complex environment and thus influences the properties of restorative materials (1) . In vitro studies attempt to reproduce the oral characteristics by investigation of these properties. However, the different methodologies and measurements impair evaluations and comparisons (2) (3) (4) (5) (6) (7) . Most studies are related to fluoride release and indicate that the storage media should be considered, as acidic solutions have been shown to favor the release, unlike remineralizing solutions, water or artificial saliva (4, 5, 8) . Although water is the most employed storage medium, current studies have preferred to employ methodologies that simulate the oral environment, in order to provide data closer to reality and reproduce clinical situations.
Models using pH-cycling are able to simulate the cariogenic activity in which there is a dynamics of demineralization and remineralization. Several studies have been conducted (9) (10) (11) and some modifications have been introduced in these models to provide support to methodologies employing bovine teeth for evaluation of the anticariogenic activity of fluoride-releasing restorative materials (12) .
Thus, it would be interesting to investigate the performance of restorative materials in different storage media. This study evaluated the surface microhardness and fluoride release of restorative materials stored in distilled/deionized water or in pH-cycling.
MATERIAL AND METHODS

Experimental Design
For this study, 12 specimens (5-mm diameter x 2-mm thick) of each material were fabricated according to the manufacturers' instructions: one conventional glass ionomer cement (Ketac-Fil Plus; 3M/ESPE, Seefeld, Germany); two resin-modified glass ionomer cements (Vitremer; 3M/ESPE, St. Paul, MN, USA and Fuji II LC; GC Corporation, Tokyo, Japan); two polyacid-modified composite resin (Freedom; SDI Limited, Bayswater, Victoria, Australia and Fluorofil -experimental material not available in the market; Bisco, Inc. Schaumburg, IL, USA). The materials were placed into metallic template covered on each side with a polyester strip. A microscope slide coverslip was placed on the top surface and a 175 g load was applied for extrusion any excess material from the matrix. For the conventional material, this load was maintained for 10 min until initial hardening. A stainless steel wire was incorporated into the materials during setting to suspend the specimens in the testing storage medium. Curing of light-cured materials was performed with a VIP unit (Bisco Inc.) for 40 s at both sides of the specimen, at a light intensity of 500 mW/cm 2 . No polishing was done on specimen surface, which were submitted to the initial surface microhardness (ISM) test, 1 h after fabrication. During this period and 4 additional hours, the specimens were stored in a plastic container with cover and maintained in a humid environmen, being thereafter submitted to pH-cycling or stored in distilled/deionized water for 15 days. At every 6 and 18 h, the solutions were replaced and stored for measurement of fluoride released. At completion of the study period, the final surface microhardness (FSM) was performed. Variations factors were the restorative materials and storage media, and the variables employed for quantification of the effect were the surface microhardness and amount of fluoride released.
Experimental Groups
The specimens were randomly placed in polypropylene test tubes with lids. Each tube contained 2 mL of the demineralizing (De) or remineralizing (Re) solutions or 2 mL of distilled/deionized water. The specimens were initially stored for 6 h in De solution (2.0 mmol L -1 Ca and P, in acetate buffer 75 mmol L -1 , pH 4.6) and threreafter placed in new tubes containing Re solution (Ca 1.5 mmol L -1 , P 0.9 mmol L -1 , KCl 150 mmol L -1 in Tris buffer 20 mmol L -1 , pH 7.0) for 18 h. The group of distilled/deionized water followed the same protocol of change of solution as the pH-cycling group (6 and 18 h). The tubes were subjected to constant shaking (TE-420 Orbital shaking table; Tecnal, Piracicaba, SP, Brazil) and were stored at 37 ± 1ºC. The specimens were rinsed with distilled/deionized water and dried with absorbent paper before storage in a new solution. The solutions were collected daily, labeled and stored in polypropylene test tubes at -4ºC for measurement of fluoride release.
Determination of Initial and Final Surface Microhardness
The surface microhardness was measured with microhardness meter (Shimadzu HMV-2000 Micro Hardness Tester; Shimadzu Corporation, Kyoto, Japan), under a static load (Knoop) of 100 g during 5 s. For the ISM, 5 indentations were performed on the top surface of the material at 500 µm distance from each other, while for the FSM 5 indentations were performed at 250 µm from the initial indentations.
Determination of Fluoride Released in the Solutions
Fluoride dose was measured with a fluoridespecific electrode (Orion 9609-BN; Orion Research, Inc., Beverly, MA, USA) and digital ion analyzer (Orion 720 A; Orion Research, Inc.), previously calibrated with standard solutions (0.0625 to 1 or 2 to 32 µg F/ mL), according to the fluoride concentration in the samples expressed in µg F/cm 2 . Before reading, TISAB III (Thermo Orion, Beverly, MA, USA) was added at a ratio of 1:10, and the fluoride was dosed while the solution was being constantly shaken (TE-081; Tecnal, Piracicaba, SP, Brazil). Fluoride concentrations in the solutions were determined separately. Afterwards, the results of 6-and 18-h solutions were added, finalizing a 24-h period and one cycle of methodology completed.
Statistical Analysis
A normality test was applied to the surface microhardness (ISM/FSM) and fluoride release data. As data distribution was normal, three-way analysis of variance was applied to the surface microhardness (ISM/FSM) results while two-way analysis of variance was applied to the fluoride release results. Tukey's posthoc test was used for multiple comparisons of the means. Analyses were performed with the GMC statistical software package (version 2002: available from http://www.forp.usp.br/restauradora/gmc/gmc.html) at 5% significance level. Figure 1 demonstrates the pattern of fluoride release over time and the influence of the storage medium on the different materials. Even though there were differences in the amount of fluoride released from materials, a similar pattern was noted for all materials and storage media. The greatest release occurred at the first 24 h, rapidly decreased and kept lower and nearly constant values up to study completion. 
RESULTS
DISCUSSION
In accomplishment of in vitro studies, the development of laboratory models simulating clinical conditions is interesting in the search for information on the performance of restorative materials in these conditions. Among several factors, the storage medium (pH, temperature and composition) may lead to different performances (7, 13) . In order to support the methodology of using bovine teeth (12) , this study introduced a modification in pH compared to previous studies (9-11), since pH 4.6 was employed. This was demonstrated to be an ideal value in the utilization of bovine teeth due to its chemical and structural variation (12) , which also provides important data for future studies on enamel remineralization with restorative materials.
After storage of materials in aqueous media, there were changes in surface microhardness according to the experimental group (Table 1) . According to Ellakuria et al. (14) the material may be "harder" or "softer" depending on several factors such as chemical composition, glass structure, concentration and molecular weight of the polycarboxylic acid, proportion of powder/liquid, storage time and type. Probably, an association of these factors provided the different microhardness, leading to an inversion in the outcomes ( Table 1 ). The presence of extended hardening reaction and water sorption by contact with the aqueous solution after initial hardening affects the microhardness (15) . Probably, this led to lower microhardness when the conventional glass ionomer cement was stored in water.
As previously described (2,6), the greatest release is observed on the first day of storage. After that time, a progressive and gradual decrease in release rate occurs until the seventh storage day. After that period the release becomes extremely low but constant with time, also observed in our study (Figure 1 ). With regard to the pattern of fluoride release, regardless of the storage medium, the conventional and resin-modified glass ionomer cements presented higher fluoride release than polyacid-modified composite resins (Table 2 and Figure 1) . Analysis of each material shows differences with the change in storage medium, not revealing a pattern of release ( Table 2 ). The tests performed in deionized water quantified the total release of fluoride ions in the medium, without interference from saliva, i.e., without the ionic force of several other elements existing in saliva (16) . Several studies (4, 5, 8, 17) have shown that fluoride release seems to be pH dependent and is influenced by the type of media used. Moreover, it has been shown that differences between chemical and physical properties of the studied materials exert large influence on fluoride release (18) , as that it was not verified a similar pattern for the tested materials. Thus, the medium interact with the material influencing the mechanisms of fluoride release, erosion and ions diffusion (5, 6, (18) (19) (20) . This might explain the contradictory findings of some studies while comparing their results, inasmuch as the media may either benefit or inhibit fluoride release from materials, making them having an opposite behavior depending on the used storage medium.
Therefore, the results of this study demonstrated that the properties of restorative materials varied according to the storage medium, highlighting the importance of accomplishment of in vitro studies that simulate the oral environment for standardization and com- parison of results, for achievement of more reliable data. Studies evaluating the anticariogenic activities of restorative materials should allow observation of performance close to the in vivo situation. Changes in methodologies of pH-cycling (12) may lead to different performance among different materials. Thus, these pH-cycling models should be validated for studies, for observation of inhibition of demineralization and activation of remineralization by fluoride-releasing materials.
In conclusion, the microhardness and fluoride release of restorative materials investigated in the present study varied according to the storage medium. 
RESUMO
